the efficiency of heating between sites, power output did not predict temperature. However, at any given site, there was a positive dose-response relation between power and temperature. Radiofrequency energy applications on the atrial side of the tricuspid annulus produced lower temperatures than did applications on the ventricular side of the mitral annulus (49±7 versus 60+16°C, p=0.0001). Transient block in the accessory pathways occurred at a mean of 50+8°C, whereas permanent block was seen at a mean of 62+15°C (p=0.0001). Less 
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The purpose of this study was to evaluate the utility of continuous temperature monitoring during radiofrequency catheter ablation of accessory pathways in patients with Wolff-Parkinson-White syndrome.
Methods

Characteristics of Subjects
Catheter ablation was performed under a protocol approved by the Committee on Human Research at the University of Michigan. Twenty patients with manifest preexcitation gave written consent and were studied. The mean age was 34±14 years (14 male patients and six female patients). These patients had been symptomatic for 15±13 years and had been treated with 2.5 ±2.4 antiarrhythmic drugs before being referred for ablation. ventricular apex. Leads V,, I, and III and the intracardiac electrograms were recorded on a Siemens Elema Mingograf 7 recorder. Pacing and extrastimulation were performed with a programmable stimulator at a pulse width of 2 msec and an intensity of twice diastolic threshold. Conduction and refractoriness of the atrioventricular node and accessory pathway were assessed, and the mechanism of tachycardia was defined. In addition, the accessory pathway was localized to a general region before detailed mapping with the ablation catheter. Four of the patients had accessory pathways located in the right free wall, six had posteroseptal pathways, and 10 had left-sided accessory pathways.
Techniques for positioning the ablation catheter have been described previously.9 A retrograde approach was used for left-sided accessory pathways. The catheter was inserted into the femoral artery and advanced across the aortic valve to the ventricular aspect of the mitral annulus. In patients with septal or right-sided accessory pathways, the catheter was introduced via the femoral vein and positioned on the atrial side of the tricuspid annulus.
Mapping was performed during sinus rhythm or atrial pacing. Target sites were selected based on the presence of discrete atrial and ventricular electrograms with (Figure 1 ). The thermistor bead (Thermomedics, Inc.) was exposed to the surface and thermally insulated from the surrounding platinum electrode by a polyamide plastic sleeve. Each catheter was individually calibrated in a tank of warm saline solution FIGURE 1. Design of the electrode catheter used for temperature monitoring during radiofrequency catheter ablation of accessory pathways. A small thermistor (T) insulated by a plastic sleeve (S) is imbedded in the distal electrode (D). P, proximal ring electrode. using a precision fiberoptic thermometer (Luxtron, Inc.). The thermistor was accurate to within ±20C from 37 through 100°C for each of the catheters used.
Catheter Ablation and Temperature Monitoring Protocol
Radiofrequency energy was produced by a power supply that delivered a continuous, unmodulated sine wave output at 500 kHz (EP Technologies, Inc.). This device, via an interface with a microcomputer (Toshiba Electronics, Inc.) continuously measured, displayed, and recorded power, impedance, and tip temperature during each energy application. Radiofrequency energy was delivered between the distal electrode of the ablation catheter and a large adhesive skin electrode that was placed over the left scapula. To define the relation between power and temperature, radiofrequency current was applied several times at each site by using incrementally higher outputs. Initially, 20 W was given for 20 seconds followed by 30 
Relation Between Temperature and Energy Delivery Parameters
The baseline temperature measured at the target site before ablation was always between 37 and 39°C. After the onset of the radiofrequency energy application, temperature rose exponentially to a steady state. The mean duration from onset to the time that temperature had reached 90% of steady state was 2.2±+3 seconds. Applications that produced higher temperatures tended to take longer to reach steady state (Figure 2) .
At any given power output, the steady-state temperature varied considerably from site to site. For all radiofrequency energy applications considered as a group, there was no difference in steady-state temperature between 20, 30, 40, and 50 W (51+13, 56+14, 60+17, 54+-t8°C; p=NS). In contrast, at each individual target site, there was a positive dose-response relation between applied power and temperature (Figure 3) . The 
Clinical Implications
Results of this study suggest that temperature monitoring may facilitate radiofrequency catheter ablation of accessory pathways. By adjusting power output (either manually or with feedback control), temperatures >90°C can be avoided, decreasing the possibility of coagulum formation and impedance rise.
In this study, many ablation catheter positions were poorly coupled to the endocardium, and power outputs in the usual range (20-40 W) did not produce adequate heating. This was particularly problematic for pathways approached from the atrial side of the tricuspid annulus. The ablation site electrogram, including the magnitude of ST elevation, was not helpful in predicting the efficiency of heating by radiofrequency energy. Temperature monitoring will reliably allow the operator to determine whether inefficacy is due to inadequate heating or improper positioning of the ablation catheter. Sites with promising electrograms but poor heating at moderate power outputs could have energy reapplied at higher outputs. Conversely, repeat applications at sites that have already been heated to 260°C without effect are unlikely to succeed. Thus, temperature monitoring offers the prospect of decreasing the number of radiofrequency energy applications required to interrupt accessory pathway conduction, possibly decreasing the duration of the procedure and exposure to fluoroscopy.
Transient block of accessory pathway conduction was often noted at -50°C. This probably reflects hyperthermia-induced reversible injury to tissue containing a portion of the accessory pathway. Radiofrequency applications titrated to achieve temperatures in this range may be a useful mapping tool while minimizing myocardial necrosis. Further studies are required to better define the clinical role of temperature monitoring.
